Balb/c mice were immunized with purified hamster sperm heads for induction of antisera and the production of monoclonal antibodies that recognize preferentially the equatorial segment. Twenty-six hybridoma clones secreted monoclonal antibodies with strong affinity for spermatozoa. The 
Introduction
After penetrating the outer investments of the oocyte (cumulus mass and zona pellucida), the acrosome-reacted spermatozoon fuses with the egg membrane, the oolemma. This process is essential for the incorporation of the spermatozoon into the egg cytoplasm in vivo (see Moore and Bedford, 1983; Yanagimachi, 1988; 1994) and is crucial for the rapid delivery of a soluble sperm factor for embryo development (Parrington et al., 1996) . Ultrastructural studies in the golden hamster first determined that gamete fusion in mammals is initiated by sperm plasma membrane preserved after the acrosome reaction and is restricted to a region of the sperm head called the equatorial segment (Moore and Bedford, 1978; Bedford et al, 1979) . This mode of sperm-egg fusion is a distinct departure from that in non-mammalian vertebrates and invertebrates, but occurs in a similar manner in all mammals examined to date, including humans (Sathananthan et al, 1986) and even the marsupial opossum (Taggarteffl/., 1993) .
Common themes have emerged from the study of cell fusion events in biology (White, 1992; Hughson, 1995) . It is evident that viral and cellular membrane fusion processes are mediated by a complex of specific integral and peripheral membrane proteins. Many of these proteins contain specific fusion domains which, when exposed, cause fusion of lipid components from two opposing bilayers. Exactly how these fusion proteins are activated depends on the cell type. For example, haemagglutinin-mediated fusion of influenza virus is influenced by low pH within an endosóme (Bullough et al., 1994) . In contrast, HIV-1 viral fusion with cells is mediated by a seven-transmembrane G protein-coupled receptor named fusin (Feng et ai, 1996) which may orientate and expose the fusion peptide of the gpl20/41 complex. In mammalian gametes, the morphology of fusion is well documented but the biochemical interactions are poorly understood.
Only acrosome-reacted spermatozoa normally reach the perivitelline space of intact oocytes to interact with the oolemma (Moore and Bedford, 1983) and spermatozoa must undergo an acrosome reaction to be capable of fusing naturally with zona-free oocytes (Yanagimachi, 1988) or artificially with erythrocytes (Holt and Dott, 1980) . Thus, completion of the acrosome reaction results in a functional sperm fusion protein on the plasmalemma overlying the apical equatorial segment. Studies with liposomes support the hypothesis that the equatorial segment is the sole fusogenic domain of the spermatozoon (Arts et al., 1993 Primakoff et al., 1987) . This sperm antigen was identified by a monoclonal antibody, designated , that inhibits sperm-egg fusion in the guinea-pig (Primakoff et al., 1987) . Support for a fusogenic role for fertilin came mostly from investigations in which the gene encoding this protein was cloned (Blobel et al, 1992) . Fertilin shares similarity with certain viral adhesion proteins, including membrane topology, proteolytic processing from a larger molecule, a disintegrin binding domain and a putative fusogenic domain (Wolfsberg et al., 1993) . However, it is doubtful that fertilin is the principal fusion protein because it is not localized to the equatorial segment of spermatozoa. The original study used immunogold labelling with PH-30 monoclonal antibody. Under the electron microscope, fertilin was clearly localized to the post-acrosomal region of acrosome-reacted guinea-pig spermatozoa and there was no labelling at the equatorial segment (Primakoff et al, 1987) . Since guinea-pig fertilization is essentially the same as in other mammals (Yanagimachi, 1994) (Cho et al, 1998) .
Overall, these results indicate that fertilin is more involved in sperm-egg adhesion than in fusion (see Almeida et al., 1995) . Moore and Hartman (1984) . All procedures were carried out in strict accordance with the Animal (Scientific Procedures) Act 1986, and subjected to review by a local ethics committee.
Monoclonal antibody production
Monoclonal antibodies were produced as outlined by Harlow and Lane (1988 Moore and Hartman (1984) with minor modifications.
Fertilization was carried out in 0.1 ml drops of Biggers, Whitten and Whittingham (BWW) medium under mineral oil (Biggers et al, 1971) . The medium was supplemented with 0.04% (w/v) BSA and filter sterilized using a 0.2 pm filter. The osmolarity of the medium was 308 mosmol, pH 7.2, after equilibration overnight in a humidified incubator in 5% C02 in air at 37°C. Sperm suspensions (5 IO6 spermatozoa ml-1) were incubated in 5% C02 in air at 37°C for 3 h to promote capacitation as described by Bavister (1989) . After 3 h, hybridoma culture supernatant containing sperm-specific monoclonal antibody or myeloma culture supernatant (0.75-1.0 pg ml·1) was added to the individual drops at a 1:10 dilution or as specified and the incubation was continued for 30 min. Washed oocytes from superovulated females (Moore and Hartman, 1984) were transferred directly to the preincubated sperm preparation (containing antibody) or were treated with 0.1% (w/v) trypsin to dissolve the zona pellucida and washed four times in fresh medium before being placed in the drops. Approximately 15-20 oocytes were placed into 0.1 ml pretreated spermatozoa at a concentration of 106 spermatozoa ml·1. Oocytes were assessed after 16 h for signs of fertilization as described by Aitken (1986) . 
Results

Immunization and production of monoclonal antibodies
The procedure for isolation of hamster sperm heads was very effective. Examination of the preparation with phasecontrast microscopy revealed that the amount of non-head organelles was less than 0.1% (Fig. 1) . Electron microscopy confirmed that sperm heads were free of their acrosomal caps and flagella and that little extraneous sperm material was present except for some membrane material. The equatorial segment remained intact in most sperm heads, although the plasma membrane was missing in some cases. Small particles of Percoli were bound to the sperm heads (Fig. 2) .
Sera from immunized mice showed reactivity to methanol-fixed hamster spermatozoa and crossreactivity to Fig. 1 (Fig. 3) (Fig. 5c) .
Spermatozoa bound to zona-free hamster oocytes in the presence of Ml monoclonal antibody showed Ml antigen at the equatorial region of the sperm head, as detected by (Fig. 6a,b) . The intensity of staining varied, although most spermatozoa showed some immuno¬ fluorescence when examined across the focal plane.
Electron microscopic localization of Ml antigen
Immunogold label was not present on intact spermatozoa. On spermatozoa that had undergone the acrosome reaction, immunogold particles were localized predominantly on the plasma membrane overlying the equatorial region (Fig. 7a,b) .
A few particles were located on vesiculated membranes of anterior acrosome (Fig. 7a) . Immunogold label was not present elsewhere on the spermatozoa and was absent from control samples. Analysis of a random sample of 100 sections of acrosome-reacted spermatozoa for gold particle local¬ ization showed that there were 26 ± 12 particles on the equatorial segment, 6 ± 4 particles on associated membrane vesicles of the anterior acrosome, and 0.5 ± 2.0 particles at other sites, or on control samples.
Preliminary biochemical characterization of Ml antigen
Protein from intact spermatozoa, Percoll-purified sperm heads, or 1% (w/v) sodium lauryl sulphate extraction of sperm heads was subjected to SDS-PAGE and immobilized on nitrocellulose membrane. A number of protein bands were revealed by Coomassie blue staining, including major bands at 37.5 and 26.0 kDa (Fig. 8) . Immunoblotting with Ml antibody recognized two bands at 37.5 and 34.0 kDa in the purified preparations (Fig. 8) . Immunodot blots of various tissue samples indicated that Ml antigen was only present in the epididymis and testis.
Discussion
The initial aim of this study was to derive monoclonal antibodies that recognized antigens of the equatorial segment. Intact spermatozoa have been used to immunize mice, but this has often led to monoclonal antibodies that recognize the apical region of the sperm acrosome and the flagellum, rather than the equatorial segment (see Moore and Hartman, 1984; Eddy and O'Brien, 1994) . This may be because acrosome and tail components are more antigenic than other sperm components. The flagellum represents over 90% (v/v) of the hamster spermatozoon (Yanagimachi, 1994) . In the present study, brief sonication of spermatozoa resulted in dissociation of the acrosomal cap and flagellum from the sperm head, which could then be purified by Percoli separation. In this preparation, the equatorial segment was more exposed. The anterior acrosome was absent and plasma membrane was missing from some cells, thereby increasing the possibility of obtaining antibodies to this region. Each antiserum recognized the hamster sperm equatorial segment, but also bound to the anterior acrosome.
Since the purpose of the immunization was to enhance the production of antibodies to the equatorial segment, the specificities of the antisera were considered satisfactory, particularly as antibodies to the flagellum had not been generated preferentially. Immunofluorescent localization indicated that antisera crossreacted with spermatozoa from several mammalian species, indicating that some sperm epitopes may be conserved between species (Eddy and O'Brien, 1994) . with interference with a receptor-mediated process (see Wassarman, 1990 (Aitken, 1986) . Therefore, using standard protocols it is not possible to distinguish between antibody inhibition of sperm-egg fusion or antibody inhibition of sperm head decondensation after fusion. Further investigations using Hoescht 33342-stained spermatozoa (Green, 1993) (1996) proposed that novel antigens or epitopes are expressed on the surface of the equatorial segment after the acrosome reaction through the modification of existing antigens by released acrosomal enzymes or by translocation of antigens from an intra-acrosomal site. Neither of these proposals is supported by the preliminary observations of the present study. Ml 
